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Table 1. Mean kinematic variables during walking by compartment speciﬁc loca-
tion of knee OA*
TF OA PF OA Both No ANCOVA
only only TF & PF OA OA (p-value)
(n=159) (n=11) (n=72) (n=206)
ROM hip (degrees) 29.69 30.19 30.98 30.09 0.4207
ROM knee (degrees) 53.93§ 58.00 52.80§ 56.89 <0.0001
ROM ankle (degrees) 27.03 27.45 27.31 27.46 0.7978
MAV hip (deg/sec) 52.61 53.92 55.95 54.36 0.1214
MAV knee (deg/sec) 103.91§ 109.88 100.22§ 117.19 <0.0001
MAV ankle (deg/sec) 66.65 69.56 68.12 69.72 0.1005
Stride length (statures) 0.69 0.69 0.71 0.71 0.2938
Walking velocity
(statures/sec) 0.61 0.60 0.63 0.64 0.1286
Cadence (strides/min) 102.99 102.31 104.23 105.61 0.0702
Stance time (%) 68.30 71.85† 71.67† 67.90 <0.0001
*Means adjusted for age, race, gender, an BMI.
§Tukey’s post hoc p<0.01 compared to No OA group.
†Tukey’s post hoc p<0.01 compared to TF OA and No OA groups.
knee compared to the No OA group. No statistical differences
were found in these parameters in subjects with PF OA, but the
sample size of this group was small. Subjects with PF OA alone
or in combination with TF OA spent a greater proportion of the
gait cycle in stance phase compared to subjects with TF OA or
No OA. There was a trend toward differences in cadence based
on location of disease.
Conclusions: Older adults with isolated TF OA walk with de-
creased knee range of motion and mean angular velocity com-
pared to adults with isolated PF OA and those without OA.
Subjects with PF OA spend more time in stance phase than
subjects with TF OA and those without OA.
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ELUCIDATING CHONDROCYTE-MATRIX INTERACTIONS
USING 3D HYDROGEL MODELS SUBJECTED TO
MECHANICAL LOADING
I. Villanueva, C.A. Weigel, S.J. Bryant
University of Colorado-Boulder, Boulder, CO
Purpose: Chondrocytes receive biochemical and biomechanical
signals from their surrounding pericellular matrix (PCM) envi-
ronment through cell-matrix interactions. Alterations in the PCM
structure and/or composition as a result of age or osteoarthritis
will inﬂuence the signals perceived by the chondrocytes and may
lead to adverse cell function. To isolate the inter-related pro-
cesses that occur in the native tissue, synthetic hydrogels were
designed to isolate and mimic cell-matrix interactions. Chon-
drocytes were encapsulated in 3D hydrogel models based on
poly(ethylene glycol) (PEG) in which the cell adhesion oligopep-
tide found in ﬁbronectin, Asp-Gly-Asp (RGD) was systematically
incorporated into the PEG gel to control cell-matrix interactions.
The aim of this study was to elucidate chondrocyte response as
a function of cell-adhesion peptide concentration and mechanical
loading.
Methods: Adult bovine chondrocytes (1-2 years) were encap-
sulated in PEG (with no RGD) or gels containing 0.1, 0.4, or
0.8 mM RGD tethered to the PEG network (PEG-RGD gels).
The gels were cultured as unstrained controls or dynamically
loaded specimens subjected to a frequency of 0.3Hz and 15%
amplitude strain for 48 hours. Cell response was assessed by
nitric oxide (NO) production as measured by the total nitrite and
nitrate, proteoglycan synthesis through 35SO42− incorporation,
cell proliferation through [3H]-thymidine incorporation, and total
collagen content through hydroxyproline production. All data was
normalized to unstrained PEG controls and reported as the mean
response and standard deviation. A conﬁdence level of 0.05 was
considered statistically signiﬁcant.
Results: The addition of RGD to PEG hydrogels resulted in
a signiﬁcant increase in NO production (e.g., 36±7% increase
in PEG-RGD gels containing 0.1 mM RGD compared to PEG
gels) while mechanical loading counteracted this increase in
response. Cell proliferation was up-regulated in all PEG-RGD
gels compared to PEG gels. Loading further enhanced cell
proliferation in gels with low RGD concentration, but higher
concentrations of RGD had no additional affect. Total collagen
content, however, was inhibited regardless of RGD concentration
and culture condition (unloaded or loaded). PG synthesis was
unaffected by small concentrations of RGD, but was inhibited
(-61±7%) in gels with 0.4 mM RGD and stimulated (95±37%) in
gels with 0.8 mM RGD. Loading reduced the level of inhibition in
the 0.4 mM RGD gels, but did not affect gels with higher RGD.
Conclusions: This study demonstrates that small changes in
the concentration of the RGD ligand (a component of the PCM)
inﬂuences chondrocyte response by stimulating NO production
and cell proliferation while inhibiting total collagen production.
This ligand also acts as a mechanoreceptor to positively affect
chondrocytes by inhibiting NO production and enhancing matrix
production under certain RGD concentrations. PEG-RGD hy-
drogels provide an important model system with which to gain
insight into the role of cell-matrix interactions in healthy and
diseased tissues as tissue structure changes.
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REAL-TIME PCR USING MOLECULAR BEACONS TO
DETECT INOS AND COX-2 EXPRESSION IN
CHONDROCYTE/AGAROSECONSTRUCTS SUBJECTED
TO IL-1β AND DYNAMIC COMPRESSION
T.T. Chowdhury1, O.O. Akanji1, S. Arghandawi1, D.M. Salter2,
D.L. Bader1, D.A. Lee1
1Queen Mary, University of London, London, United Kingdom;
2Queens Medical Research Institute, Edinburgh University,
United Kingdom
Purpose: Previously, we have shown that IL-1β induces the
release of .NO and PGE2 by bovine chondrocytes cultured in
agarose constructs and this effect was abolished with the ap-
plication of dynamic compression. The current study examines
whether dynamic compression acts to abrogate the IL-1β in-
duced expression of iNOS and COX-2 mRNA, mediated via a
suppression of the p38 MAPK pathway.
Methods: Chondrocyte/agarose constructs were cultured under
free-swelling conditions with 0 or 10 ng ml-1 IL-1β and/or 10
µM SB203580 (inhibits p38 MAPK) for 0, 0.75, 1.5, 3, 6, 12,
24 and 48h. In separate experiments, constructs were subjected
to 0-15% dynamic compressive strain at 1 Hz frequency, for
6, 12 and 48h under similar treatment conditions. The relative
expression levels of iNOS, COX-2, aggrecan and collagen type II
signals were assessed using molecular beacons and Real-time
quantitative PCR.
Results: IL-1β enhanced iNOS mRNA levels, with peak expres-
sion at 6 hours (6.6 fold) which declined after 12h (3.4 fold),
24h (1.5 fold) and 48h (0.7 fold) when compared to time zero
controls. This effect was partially reduced with SB203580 at 6h
(3.9 fold) and abolished at 12h (0.6 fold). The induction of COX-2
expression by IL-1β was detected at 3h (3.6 fold) and 6h (14
fold), with peak expression at 12h (19 fold). SB203580 abolished
the IL-1β induced COX-2 expression at all time points. In the
absence of the cytokine, aggrecan levels peaked after 12h (3.1
fold) of culture and declined thereafter. The inhibition of aggre-
can expression by IL-1β was detected at 12h (0.7 fold) only, and
the levels were not inﬂuenced with SB203580. By contrast, the
expression levels of collagen type II were not inﬂuenced by IL-1β
and/or SB203580 at all time points.
For the mechanical loading studies, the temporal proﬁle of iNOS
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expression in response to IL-1β was similar to free-swelling cul-
ture, with a peak in expression at 6h. However, the magnitude of
expression was greater than under free swelling conditions, with
145 fold increase in levels. Dynamic compression or the pres-
ence of SB203580 in unstrained constructs reduced but did not
abolish the IL-1β induced iNOS expression at 6h (59 fold and 40
fold, respectively). However, the addition of SB203580 in combi-
nation with dynamic compression resulted in a further reduction
in the IL-1β induced iNOS expression (8.9 fold). IL-1β increased
COX-2 expression which peaked at 12h in unstrained constructs
(44 fold). The application of dynamic compression or presence
of SB203580 completely abolished the IL-1β induced COX-2
expression (2.4 fold and 1.3 fold, respectively). Co-stimulation
with both dynamic compression and the inhibitor had no further
effect when compared to each in isolation. In the absence of
the cytokine, dynamic compression enhanced aggrecan levels
at 12h (2.4 fold). This effect was reduced by IL-1β and restored
with both dynamic compression and the inhibitor. By contrast,
the expression levels of collagen type II were not inﬂuenced by
IL-1β and/or SB203580 in unstrained or strained constructs.
Conclusions: These results suggest that dynamic compression
directly inﬂuences the expression levels of iNOS and COX-2
and are primarily mediated by a p38 MAPK dependent pathway.
These enzymes are current targets for pharmacological inter-
vention, raising the possibility for integrated pharmacological and
biophysical therapies for the treatment of cartilage joint disorders.
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BIOMECHANICAL SIGNALS BLOCK IKK ACTIVATION TO
INHIBIT NF-κB-MEDIATED PROINFLAMMATORY GENE
TRANSCRIPTION IN ARTICULAR CHONDROCYTES
S. Agarwal, S. Madhavan, M. Anghelina, T. Knobloch
The Ohio State University, Columbus, OH
Purpose: Therapeutic exercise is beneﬁcial for the arthritic joints.
But how this mobilization helps the joints at molecular level has
been an enigma for many years. Recently, signals generated
by mechanical strain are shown to inhibit proinﬂammatory gene
induction in chondrocytes and inﬂammation of joints afﬂicted with
antigen-induced arthritis. In this study to understand the molec-
ular basis of exercise mediated effects, we dissected the NF-kB
pathway to identify molecules that are regulated by biomechani-
cal signals in chondrocytes.
Methods: Cell culture: Articular chondrocytes from the knees of
10-12-week-old Sprague-Dawley rats, were cultured in Ham/F12,
10% FBS, pen/strep and 2mM L-glutamine, and used during the
ﬁrst 3 passages. Application of CTS: Cells (7 X 104/well) grown
on collagen I-coated BioFlex-I culture plates to 80% conﬂuence
were subjected to cyclic tensile strain (CTS; 3% strain at 0.25
Hz) in a Flexcell loading station. Four different treatment reg-
imens were: i) untreated controls, ii) cells treated with IL-1β,
iii) cells treated with CTS, iv) cells treated with CTS and IL-
1β. Real time PCR: PCR was performed using Taqman primers
and probes. Western Blot analysis and Immunoﬂuorescence: The
blots were probed with anti-IκB-α, anti-IκB-β (Santa Cruz Biotech,
CA), and phospho-IκBα Ser32, and Ser 36, phospho-NF-κB p65
Ser536, and Ser276 antibodies and their respective secondary
antibodies. Alternatively, activation of NF-κB, IκB-α and IκB-β
was assessed by immunoﬂuorescence using above antibodies
and visualized under an epiﬂuorescence microscope (Zeiss Ax-
ioimage). Statistical analysis: One-Way ANOVA and the post hoc
multiple comparison Dunnett’s test were applied to determine the
signiﬁcance.
Results: 1) IL-1β induced a rapid nuclear translocation of NF-κB
at all the time points tested (Fig. A), whereas CTS inhibited this
IL-1β induced nuclear translocation at 30, 60 and 90 minutes.
2) Inhibition of NF-κB nuclear translocation by CTS was paral-
leled by a signiﬁcant suppression of iNOS mRNA expression.
3) CTS blocked mRNA expression for I-κBα that is upregulated
by IL-1β at 10, 30, 60 and 90 minutes. Western blots and im-
munoﬂuoresence revealed that IL-1β induced rapid degradation
of IκB-α at 10 and 30 minutes, and upregulation of its mRNA ex-
pression. CTS inhibited IκB-α degradation at 10 and 30 minutes
and an inhibition of resynthesis at 60 and 90 minutes. 4) IL-1β
signiﬁcantly induced the degradation of I-κBβ protein synthesis
at all the time points tested and this degradation was inhibited
by CTS. 4) Event upstream of I-κBα showed that CTS inhibited
IL-1β-induced TAK-1 activation and resulting IKK-beta activation
(Fig. B). 5) Furthermore, CTS downregulated NF-κB dependent
genes IL-R1, IL-R2, TRAF-1 and TRAF-2 (Fig. C).
A. CTS mediated inhibition of IL-1β-induced NF-κB nuclear translocation. B.
CTS mediated inhibition of IL-1β-induced IKKβ activation and I-κBα phosphory-
lation. C. CTS mediated inhibition of IL-1β-induced TRAF-1 and TRAF-2 mRNA
expression.
Conclusions: The results demonstrate that mechanical signals
inhibit IL-1β induced proinﬂammatory gene transcription by reg-
ulating activation of IKK-β to inhibit NF-κB transactivation. Thus,
the beneﬁcial effects of physiological levels of biomechanical
signals or exercise may be explained by their ability to suppress
the signal transduction pathways of proinﬂammatory/catabolic
mediators. Whether these signals are also anabolic is yet to be
elucidated. Regardless, biomechanical forces generate complex
magnitude- and frequency-dependent signals within the inﬂam-
matory microenvironment of the cartilage that ultimately allow
the remarkable and beneﬁcial effects that are realized at tissue
level.
Acknowledgement: NIH AT00646, AR04878, NIDCR DE15399.
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CHANGE OF HUMAN MENISCI IN OSTEOARTHRITIS
Y. Katsuragawa1, N. Fukui2
1International Medical Center of Japan, Tokyo, Japan; 2National
Hospital Organization Sagamihara Hospital, Kanagawa, Japan
Purpose: Menisci in knee joints undergo obvious degenerative
changes in osteoarthritis (OA), but the details of the changes are
still not known well. This study was performed to investigate the
change of menisci in OA by histological and molecular biological
evaluations.
Methods: This study was performed under the approval of in-
